Background: The chest radiograph is considered one of the most complex imaging modalities to interpret. Several studies have evaluated radiograph interpretation in the emergency department, and considerable disagreement among clinical physicians and expert radiologists has been observed in the reading of chest films. The interpretation of chest radiographs by emergency department physicians was compared with senior radiologists in discharged patients, and misinterpretations assessed in relation to the physician's level of training. Methods: Radiological descriptions of 509 chest radiographs of 507 patients, aged 16-98 years who were discharged from the emergency department, were prospectively reviewed. Missed findings were recorded with regard to the physician's level of training and experience. The effects of misinterpretations on discharge recommendations were also investigated. Statistical assessment was conducted using the χ 2 test. Interobserver agreement was also tested by the κ coefficient. Results: The sensitivity for detecting different abnormalities in the radiographs ranged from 20% to 64.9% and specificity from 94.9% to 98.7%. Despite the low sensitivities found, there were relatively few clinical implications of the "missed" findings since they were either of a minor nature or appropriate follow up was prescribed. The overall interobserver reliability, assessed by the κ coefficient, was 0.40 (95% confidence interval 0.35 to 0.46). These findings did not change significantly by emergency department physician's level of training. Conclusions: Emergency department physicians frequently miss specific radiographic abnormalities and there is considerable discrepancy between their interpretations and those of trained radiologists. These findings highlight the importance of routine evaluation of chest radiographs by a well trained radiologist and emphasise the need for improving interpretive skills among emergency department physicians.
P
atients seen in the emergency department often undergo radiological examinations for evaluation of their medical and surgical conditions. The treating physician in the emergency department does not always have the time or the opportunity to consult an on-call radiologist, and therefore has to rely on personal experience and basic skills. Discordance of radiograph interpretation in the emergency department with evaluations of radiologists is commonly reported in different studies as ranging from 0.3%-17%, [1] [2] [3] [4] with one study reporting up to 58% discordance by primary care physicians. 5 However, a change in treatment based on such discordance is required in only 0.06%-3% of patients. Intermediate levels of interobserver variability have been reported. 2 6-9 Previous reports showed higher rates of misinterpretation of the chest radiograph compared with other radiographs, 3 5 6 yet none specifically address the chest radiograph and its complexity in adult patients. Among patients who are hospitalised there are more opportunities to review the initial treating physician's interpretation of radiographs with that of a senior radiologist. Hospitalised patients are easier to locate, treat, and re-evaluate if a discrepancy is detected. Patients discharged home from the emergency department obviously pose a difficulty in correction of misinterpretations. We therefore chose to investigate the subset of patients who were discharged from the emergency department and not all chest radiographs done in the emergency department as previously reported. In these patients errors in radiograph interpretation can affect outcome and sometimes may prove fatal. We also reviewed the effects of misinterpretations on discharge recommendations for further treatment, investigation and follow up, and assessed these results in relation to the emergency department physician's training and experience.
METHODS
The chest radiographs of 507 patients (509 examinations) were prospectively collected during a four month period from February to May 2000. The study population consisted of patients aged 16 years and older treated in the emergency department at Hadassah University Hospital, Mount Scopus. The files of discharged patients from the emergency department were reviewed on a daily basis. In contrast to other studies, 3-5 10 in order to increase the sensitivity results and minimise bias, emergency department physicians were requested to note whether they consulted with a radiologist before discharging the patient and what their own interpretation was before the consultation was given. There was no standard form or checklist used to record the radiological interpretations.
Data recorded with the radiological examination included the physician's level of training, the patient's age, gender, complaints, physical examination, radiograph interpretation by the emergency department physician and senior radiologist, final diagnosis at discharge, and further recommendations for treatment and follow up. Chest radiographs for which there were no interpretations, or discharge letters in which the final diagnosis was not clear, were excluded. A senior radiologist's interpretation was considered the "gold standard" for the final interpretation. Misinterpretations occurred when the initial emergency department interpretation and that of the final senior radiologist were discrepant. Reviewing the patient's medical records assessed the clinical significance of a misinterpreted radiograph.
Discrepancies of clinical significance were divided into three categories: mild clinical significance requiring no further evaluation (that is, pleural thickening, chronic changes, soft tissue and bone deformity, and old fractures); moderate clinical significance requiring further evaluation (that is, osteopenia, spinal fractures, cardiomegaly, hiatal hernia, interstitial markings, pleural and lung calcification, and parenchymal lesions); and high clinical significance requiring prompt evaluation and treatment (that is, consolidation, congestion, pleural effusion, mediastinal widening, new fracture, atelectasis, high diaphragm, and coin lesions). It should be noted that even subtle signs such as minimal changes in the chest radiograph were counted as misinterpreted if not specified by the emergency department physician.
The emergency department staff participating in the study included five board certified internal medicine attending physicians, five final year residents, five intermediate year (two to three years postgraduate) residents and seven first year residents, as well as six surgical residents at different levels of training. There were 10 board certified senior radiologists who evaluated the final radiograph diagnosis.
The accuracy of the emergency department compared with the senior radiologist's interpretations was expressed in terms of sensitivity and specificity. Differences in proportions were assessed using the χ 2 test. Interobserver agreement was also tested by κ coefficients and their 95% confidence intervals (CI) among the different levels of emergency department physicians. 11 For all statistical analyses a two tailed p value of 0.05 was considered statistically significant.
RESULTS
Of 507 patients 57.2% were male and 42.8% were female, their ages ranged between 16 and 98 years (mean (SD) 48 (20.5) years). The most frequent complaints were chest pain (23.9%), dyspnoea (18.7%), cough (19%), and fever (13.1%). Common physical findings were normal chest examination (36.8%), musculoskeletal tenderness (13.2%), inspiratory crackles and signs of bronchospasm (12% each). The diagnoses at discharge were mostly non-specific (such as "non-specific chest pain"), or diagnoses not related to radiography findings, as shown in table 1.
There were 557 findings described by emergency department physicians compared with 647 found by senior radiologists for all chest radiographs evaluated (each radiograph occasionally having more than one finding, and each finding was assessed separately). The emergency department physicians consulted a radiologist in 147/509 of the radiographs examined (28.9%). The major findings on radiographic interpretation and estimates of sensitivity and specificity are shown in table 2, and the overall sensitivity was relatively low. The highest level of sensitivity was shown for consolidation (64%) and congestion (50%), whereas very low levels of sensitivity were found for chronic changes (20%). Specificities were high, ranging from 94.9% for consolidation to 98.7% for pleural effusion. It is important to emphasise that the emergency department physicians often missed potentially important findings such as coin lesions or mediastinal widening, although the numbers were too small to allow precise statistical assessment.
We assessed the treatment actually received and compared it with the treatment "indicated" according to the radiologist's description. Twenty two of 57 patients (38.6 %) with misinterpreted radiological signs of consolidation were discharged without a new antibiotic prescription. Of these, 10 were already receiving antibiotics or were known to have pneumonia on admission to the emergency department, so that the actual number of patients not receiving treatment for suspected pneumonia was 12 (26.3 %). Three of them had been specifically instructed to return for further evaluation the next day, thus reducing the potential number of improperly treated patients to nine (15.8%). Twenty six of 34 patients (76.5 %) with misinterpreted radiological signs of congestion were discharged without specific treatment or change in treatment for congestive heart failure (CHF) exacerbation. Twenty of these patients were known to have CHF and were receiving treatment, therefore reducing the actual number of patients not receiving appropriate treatment for CHF exacerbation to six (17.6 %), of which three were sent for further evaluation the next day. The sensitivity for pleural effusion was very low (25.8%), yet only 6/31 (19.3%) effusions were of clinical significance, of which two were referred for further evaluation. When categorised by levels of clinical significance (mild, moderate, and high as described in the methods section), the highest sensitivity of the emergency department physicians' interpretation was in the group with highly clinical significant radiographic findings (60%), with lower rates of sensitivity for the moderate significance group (31.7%), and low significance group (27.5%). There were no statistically significant differences between the observers at different levels of training (p=0.87).
Interobserver reliability, as assessed by the κ coefficient of agreement between all emergency department physicians and senior radiologists, was moderate to low: 0.40 (CI 0.35 to 0.46). There was no significant difference found for interobserver reliability among levels of the emergency department staff compared with the senior radiologist, as shown in table 3 (p=0.33).
DISCUSSION
Numerous studies have examined the interobserver reliability of radiographic interpretation in the emergency department. Each study was designed in a different manner thus making standardisation difficult. 1 2 4 6 10 12-14 The trend over recent decades has been a decrease in the overall interpretation discrepancy rates to as low as 0.3%. 3 4 Our study shows higher levels of misinterpretations as it was designed to maximise the potential discordance between emergency department physicians and radiologists by including all radiographic findings. Subtle signs, such as questionable consolidations, trace amounts of pleural effusion, very mild congestion, borderline cardiomegaly, etc, were regarded as positive findings therefore contributing to more errors of omission. Furthermore, basing the study on the actual medical records with no standard form indicates that many of these signs were not recorded in the discharge letter, either because of non-significance to the final discharge diagnosis, or because the findings were trivial to the specific patient (such as cardiomegaly in a known CHF patient). Using such a checklist or standard form might have increased the reported sensitivities, especially for findings determined to be of minor significance by the emergency department physicians. We also found that the percentage of errors increased as the clinical significance of errors decreased. Once again, this may be because emergency department physicians tend to be less meticulous in interpreting or recording findings which are likely to be of secondary or tertiary significance. 8 Our study is limited by the fact that our "gold standard" did not represent a consensus of opinion, since 10 senior radiologists instead of one expert chest radiologist made the final interpretation of the radiographs. In our institution, as is common in many relatively small community hospitals, the chest radiographs are read by various general radiologists, precluding comparison with other studies. We believe that if one trained chest radiologist had been reading the radiographs, the level of interobserver variability might have been higher.
We chose only chest radiographs of discharged patients and not all those done in the emergency department during the study period, whereas most studies examined all radiographs performed in the emergency department.
1-4 6 10 12-14 Chest radiographs of admitted patients are more likely to have obvious positive findings, such as dense alveolar opacities, which are readily identified as pneumonia by even the most junior medical staff. 7 The study was performed in the actual working environment of the emergency department and not in a "sterile", that is, purely theoretical or experimental setting, 7 12 15 16 thus adding to the possibility of missing positive findings in the radiograph. As the emergency department physicians had to report their interpretation before the radiologist's consultation, we eliminated a bias found in some prior studies, 3-5 10 which were based on only patients' charts for evaluation.
Chest radiography is a very commonly used investigation but detailed interpretation of the resultant film is relatively complicated. 17 It has been reported that the chest radiograph is the most common radiograph to be misinterpreted by observers, 15 16 especially in the setting of the emergency department.
1-3 5 6 A study conducted to improve quality control showed that even when all radiograph misinterpretations were reduced, the percentage of chest radiographs did not differ. 3 It is also noteworthy that our study consisted only of radiographs performed in adults, which usually have more abnormal findings than paediatric radiographs. 6 9 10 12 13 Radiograph evaluation entails subjectivity, variability, and uncertainty even when performed by experienced chest radiologists.
Interobserver variability is difficult to overcome, 8 9 15 16 and it should be emphasised that even between senior radiologists the κ coefficient has been shown to be low (0.45-0.65) for chest radiographs 13 or specifically for pneumonia (0.22-0.52). 15 Moreover, one study reported that 17% of 352 radiographs read by emergency department physicians and considered "misinterpreted" by radiologists, were later found accurate. 18 Our study showed intermediate levels of emergency department physicians' reliability at all levels of training compared with senior radiologists. Interobserver reliability was not evident as a function of training level. This result is not far from that described in previous studies, [5] [6] [7] [8] showing that attending physicians are slightly more accurate than residents. It has also been noted that attending physicians tended to be more confident but no more accurate than residents, 2 but to date, there are insufficient data to determine which radiographs are at a higher risk of being misinterpreted. 2 14 In conclusion, the only way to reduce emergency department physician's errors of interpretation is by teaching and improving interpretation skills, maybe as part of their residency, or by quality control measures. 3 4 Cooperation between emergency physicians and radiologists, as well as having an efficient callback system when abnormalities are found, are mandatory. 
Using rifampicin against TB risks a rare reaction
A case study of pneumonia induced by rifampicin in pulmonary tuberculosis should remind doctors to be alert to this very rare-but potentially fatal-reaction.
The case was of an 81 year old man being treated in hospital for pulmonary tuberculosis of the left lung with rifampicin (0.3 g/day), isoniazid (0.3 g/day), and ethambutol (0.5 g/day). Seven days after starting treatment he developed fever and dyspnoea, and x ray and computed tomography examinations showed shadows on the opposite, right, lung.
The man's white blood cell count had increased from 6070/µl to 13 540/µl, comprising 81% neutrophils, 6% lymphocytes, 11% monocytes, and 3% eosinophils. Bronchoalveolar lavage fluid contained 83% lymphocytes, 14% neutrophils, and 4% macrophages; the ratio of CD4/CD8 lymphocytes was 10.5. A drug stimulation lymphocyte test (DLST) showed a stimulation index of 370% with rifampicin, 170% with isoniazid, and 130% for ethambutol.
Tuberculosis treatment was withdrawn. Steroids were given to correct progressive respiratory failure, and a gradual recovery followed. Streptomycin treatment (0.5 g/day) was started on day 26. Isoniazid and ethambutol treatment resumed three months after they were stopped, and the combined treatment continued for six months with no adverse reaction.
The only other published case has suggested that it is rifampicin toxicity that induces pneumonia, but the positive DLST result here suggests stimulation of the immune system may be another way.
Rifampicin is a valuable drug for treating tuberculosis. Its well known complications include hepatitis, fever, and blood problems; pneumonia is a rare, but dangerous, reaction.
